Abstract-We analyze contracts between a large buyer and her suppliers. We find that contracts with critical product suppliers contain more clauses that address moral hazard, primarily through monitoring. If holdup concerns are larger, there are more contractual protections against it. Over time, contracts with the same supplier include additional provisions that address moral hazard through monitoring. This dynamic effect is strongest for service contracts, where observability and verifiability are initially lower. Our findings indicate that contracts become more complete over time and provide support to incomplete-contracting models that argue that contracts become more complete as contracting costs decrease.
I. Introduction C ONTRACTS between firms are at the heart of economics. This paper studies how contracts that are written between buyers and sellers are shaped by opportunistic behavior in interfirm transactions. We exploit a novel database of 185 proprietary contracts signed between a large transportation company and her 89 suppliers. The data allow us to study not only static use of contracting clauses but, more important, dynamic contracting across a wide range of clauses. The jurisdiction governing the contracts is considered reliable and efficient, suggesting an important role for formal contracting and the possibility of entering into complex contracts (Lerner & Schoar, 2005) .
We start with a static analysis of how contracts address moral-hazard problems-the concern of the buyer that a supplier provides insufficient effort, which can manifest in no performance at all, delayed deliveries, or poor product quality (Holmstrom, 1979) . Moral-hazard concerns are ex ante larger if a supplier's products are critical to the buyer. We consider a supplier as critical if shirking has a large negative impact on the buyer's performance. 1 We find that contracts with critical suppliers contain more clauses that address moral-hazard concerns, primarily through monitoring and, to a lesser degree, incentives. Monitoring clauses include regular meetings to evaluate supplier performance, but also buyer intervention rights such as audits of supplier factories, consistent with Aghion and Bolton (1992) and Dewatripont and Tirole (1994) . We then analyze holdup problems and test specific predictions derived from property rights theory (PRT) and transaction cost economics (TCE). PRT, introduced by Grossmann and Hart (1986) and Hart and Moore (1990) , focuses on ex ante incentives in situations where parties make noncontractible relationship-specific investments (RSI). The theory assumes that output is not contractible, implying that not all contingencies can be specified ex ante, which leads to ex post holdups and distorts incentives to invest initially. A party's holdup concerns are more severe if her RSI are larger. PRT predicts that the allocation of control rights is an important contractual solution to holdup concerns. We test the specific prediction that a control rights allocation to the buyer is more likely if her RSI are larger. Measuring RSI is difficult, but we assume that if these noncontractible investments are larger, then it takes more time and it is more costly to switch suppliers (Monteverde & Teece, 1982) . Consistent with PRT, we find that the buyer's holdup concerns are addressed in contracts, as suppliers are more likely to transfer intellectual property rights if supplier switching takes longer or is more costly. This holds after controlling for a supplier's RSI to account for the role of relative RSI.
Holdup concerns are an important element in TCE as well, pioneered by Williamson (1975 Williamson ( , 1979 Williamson ( , 1985 and Klein, Crawford, and Alchian (1978) . Similar to PRT, TCE also focuses on contractual incompleteness, but there is less focus on how control rights are allocated through contracting. A prediction following from TCE is that if RSI are more important, contracts should be more long term, implying less repeated bargaining (Joskow, 1987) . RSI are important because they generate switching costs, a form of a transaction cost, in case of renegotiation (see Tadelis & Williamson, 2013) . Consistent with TCE, we find that switching costs and time are positively related to contract duration, though the effect is statistically insignificant.
The main advantage of our setting is that it allows us to study dynamic contracting. As Slade (2013, p. 1005 ) stressed, ''The entire area of dynamics . . . is under explored from an empirical point of view.'' Theory makes opposing predictions on how contracts should evolve. On the one hand, incomplete-contracting models predict that contracts with the same supplier become stricter over time, that is, they should contain more clauses that address moral hazard (Battigalli & Maggi, 2002; Bolton & FaureGrimaud, 2010) . 3 It is argued that contracting costs make it initially costly to specify a contract that addresses all future contingencies (Dye, 1985; Posner, 1986; Tirole, 1999) . However, as incentives and the production process are better understood, contracting costs decrease, allowing the buyer to write a more complete contract. This effect should be most pronounced if output observability and verifiability are initially low, as contracting costs are then particularly high. Contracts can also become stricter if the buyer observes moral hazard. On the other hand, relationalcontracting models imply that contracts can become more relaxed as trust and reputational capital accumulate and substitute formal contracting (Baker, Gibbons, & Murphy, 2002) .
We find that contracts with the same supplier become stricter over time. Repeat contracts contain, in particular, additional clauses that allocate monitoring rights to the buyer, but also clauses that allow the measurement and evaluation of supplier performance. Output verifiability matters significantly for contract dynamics, as the increase in contract strictness is driven by service contracts. As services are initially more difficult to observe and verify than goods (Hart, 1995) , repeated contracting can help to specify better monitoring technologies and reduce contractual incompleteness. As predicted, moral hazard, measured as quality problems, also explains why contracts become stricter, and it is addressed by the addition of clauses that provide effort incentives. Our evidence on contract dynamics is consistent with the view that contracting costs go down over time as the buyer learns how to address monitoring needs. One can consider this as a form of adaptive learning through contractual interaction. Compared to other environments, trust and reputation may be less important in our sample, as the underlying legal regime is well developed and contract enforcement well functioning. This may explain why contracts do not get more relaxed. In summary, the key finding of our dynamic analysis is that contracts become more complete over time.
Next, we study the prediction that buyer protection against holdups should decrease if the supplier does not renegotiate. We document that the control-right allocation to the buyer is less likely in a second contract if the supplier does not renegotiate, consistent with PRT. With regard to TCE, we do not find that subsequent contracts have shorter durations, though the estimated coefficients indicate a small decrease (not statistically significant).
Our findings indicate support for several theories, but also that contracts are multidimensional, covering different types of clauses that address both moral hazard and holdups. Thus, contracts seem to contain a complex set of terms that interact and work together as a group. We therefore also study which clauses are substitutes or complements and how different clauses within a broader set of terms interact.
We first study substitutability and complementarity across different contract groups that address moral hazard and holdups. We find that monitoring and incentives clauses generally coincide, acting as complements. One interpretation of this finding is that the buyer may be better able to incentivize a supplier if she has more information due to her monitoring activities (Milgrom & Roberts, 1992) . Moral-hazard and holdup clauses tend to be used as substitutes, as transfers of control rights and long-term contracts are less likely if contracts contain many monitoring terms. Mechanisms that address holdup concerns from a PRT or TCE perspective usually coincide, as control-right allocations and long durations tend to be used simultaneously.
We then study how contract clauses within a given group of clauses interact. The general pattern that emerges is that most monitoring clauses are used as complements. Three clauses in particular tend to coincide: supplier audits, financial reporting requirements, and a KPI monitoring system. 4 This is plausible as a monitoring system requires availability of information. Moreover, for audits to be on time, the buyer needs to have access to performance indicators. We also document that the exclusion of preferred supplier status works as a substitute for other monitoring devices. A possible explanation is that ''nonpreferred suppliers'' are already subject to extra monitoring, which makes it less necessary to add other monitoring terms. Within the set of incentive clauses we find that penalties and bonuses work as complements, leading to symmetric incentive schedules for suppliers. Product warranties and availability guarantees usually coincide, possibly reflecting the importance of a product to the buyer. Finally, bonuses are less likely if a contract stipulates large liability obligations in case of damage or loss of life, probably to avoid excessive risk taking if safety-sensitive products are supplied.
Our data allow us to mitigate several concerns that challenge the empirical analysis of contracts. One concern is that contracts are endogenous to unobserved characteristics of the contracting parties. We mitigate this concern by studying how variation across suppliers in terms of product characteristics (rather than, for example, more endogenous financial characteristics) affects contracts; this variation is largely exogenous, as it is mostly driven by predetermined industry characteristics. Another concern is the endogeneity of contract design and product prices; suppliers may ask for higher prices in exchange for accepting more stringent terms. Our data have the advantage that they allow us to measure and control for prices.
We contribute to the literature that empirically studies contracts between firms (see Lafontaine & Slade, 2013 , for a review). Our results on static contracting are most closely related to Costello (2013) , who studies how contract duration and financial covenants address opportunism. Related also is Joskow (1987) , who shows that concerns over holdups lead to longer contract durations. We provide new insights into the contractual clauses that parties use to protect themselves against opportunistic behavior. The clauses are likely to affect economic behavior, as contract enforcement in the underlying jurisdiction is high.
Few papers study contract dynamics. An exception is Lafontaine and Shaw (1999) , who show that price clauses in franchise contracts are stable over time and mostly driven by differences across contracting parties. Another exception is Roberts (2015) who studies how loan terms evolve over time. We provide novel evidence on how contracting costs shape the evolution of nonprice clauses that address moral hazard. Other studies of real-world contracts between firms focus on contractual incompleteness and contractibility (Kaplan & Stromberg, 2003; Baker & Hubbard, 2004; Crocker & Reynolds, 1993; Lerner & Malmendier, 2010) or on trust and reputation when contract enforcement is low (McMillan & Woodruff, 1999; Banerjee & Duflo, 2000; Ryall & Sampson, 2009 ).
II. Data

A. Data Sources
Our analysis builds on a data set that contains contracts signed between a buyer and her suppliers. To obtain these data, we were granted access to the buyer's electronic contract database, which she uses for her day-to-day contract management. The database was introduced in 2002 and contains electronic copies of contracts signed between 1996 and 2010. We have access to all 185 contracts that were in this database. The contracts were signed with 89 suppliers. We have few contracts from prior to 2002, the year in which the database was introduced, and from the last two sample years.
5 (The sample construction and distribution of contracts across years is reported in online appendix table A1.) Based on a manual developed with the buyer's purchase and legal departments, we coded all contracts to identify and describe clauses that have the potential to address moral-hazard problems and holdups.
We complement the data with information from a survey of 35 purchase managers of the buyer to collect data on product and supplier characteristics. Each of these managers is responsible for a set of suppliers and an expert when it comes to describing and evaluating suppliers and their products. We performed the surveys in September and October 2009 in person at the buyer's headquarters. The managers were encouraged by the head of the purchasing department to participate in the survey. Not all questions were answered by all managers.
We can match 131 contracts for 55 suppliers with the survey data. We miss data on 34 suppliers because no purchase manager was assigned (25 suppliers) or the assigned manager did not participate in the survey (9 suppliers). We complement these data with information on financial characteristics from Amadeus and on product supplier criticality and spending volume from the buyer.
B. The Buyer and Suppliers
The buyer is a large European company in the transportation industry with revenues on the order of several billion euros. The jurisdiction of the buyer's country applies to all except for three contracts. The suppliers provide a wide range of products, from transportation vehicles to management accounting software. 
C. Measuring Product Characteristics
To measure the potential consequences of moral hazard, we exploit an internal classification scheme that the buyer used to categorize suppliers as critical or noncritical. In this way, the buyer assesses the potential overall impact that may result from supplier nonperformance. Nonperformance can manifest itself in contract breach, a situation where the supplier does not perform at all, or in delayed deliveries and quality problems. The buyer defines this measure at the supplier level, as there is little variation in the importance of products within the supplied product portfolio of a given supplier. Thirty-four percent of the suppliers are classified as critical. We assume that the consequences of moral hazard are more severe for critical suppliers.
We use the survey to create two measures that capture relationship-specific investments made by the buyer: we ask the purchase managers to estimate the hypothetical costs and time needed to switch from a current to a new supplier. We assume that both time and costs are higher if the buyer incurred more relationship-specific investments (Monteverde & Teece, 1982) .
D. Measuring Contract Design
We study ten provisions that have the potential to mitigate moral hazard. Five provisions capture the buyer's rights to monitor suppliers. Supplier audit equals 1 if the buyer has the right to perform audits of a supplier's factories or products. Financial information equals 1 if the supplier has to provide financial performance data during the contract duration. Evaluation meetings is 1 if the supplier and buyer have joint meetings at least quarterly to evaluate contract performance. KPI monitoring system is 1 if a contract stipulates a key performance indicator (KPI) monitoring system by which the buyer can measure and evaluate supplier performance. No preferred supplier takes the value 1 if a contract does not stipulate that the supplier has preferred supplier status. Preferred supplier status implies that the buyer waives monitoring and performance evaluations during the contract duration.
Five provisions speak to the monetary incentives of suppliers. Liability takes the value 1 if the supplier has to indemnify the buyer for liabilities from loss of life or injuries related to the supplied products.
6 Product warranty equals 1 if a warranty is specified. Availability guarantee is 1 if the supplier guarantees the availability of the supplied products for a future period.
7 Penalty equals 1 if the supplier has to pay a fine in case of poor performance, and Bonus equals 1 if the supplier gets a bonus for good performance. We also create measures that count contract terms, by adding the number of monitoring clauses (0 to 5), incentive clauses (0 to 5), and the sum of the two (0 to 10). Counting the presence of different clauses follows Lerner and Malmendier (2010) . Like them, we interpret these measures as proxies for contract strictness. For example, all else equal, a contract with more monitoring clauses can be considered as stricter vis-à-vis a supplier. We study one clause that speaks to predictions derived from PRT. Transfer IP rights equals 1 if the intellectual property rights of the products are allocated to the buyer. We study two related variables to test predictions derived from TCE. Duration is the length of a contract in years, and Open duration equals 1 if a contract has an unspecified length. We set the length of open-ended contracts equal to twenty years, the maximum duration in the sample. Online appendix table A2 provides definitions of variables, and online appendix table A3 provides examples for different contract terms from our sample.
Summary statistics of all contract terms are in table 1, panel B. We find that 42% of the contracts specify supplier audits, 46% specify a KPI monitoring system, 81% exclude preferred supplier status, and 59% contain penalties. Bonuses are present in 10% of the contracts. Almost a fifth of the contracts stipulate a transfer of IP rights, the average duration is 5.3 years, and 16% have an open duration.
III. Static Contracting
A. Moral-Hazard Problems
Theoretical predictions. The relationship between a buyer and a supplier can be characterized as a principalagent relationship. As in standard agency theory, a concern of the buyer is that the supplier provides insufficient effort when producing and supplying her products, leading to no performance at all, delayed deliveries, or quality problems. Such moral hazard is of concern to the buyer as it may have a negative effect on her own performance. The consequences of moral hazard are most severe if the supplied products are important (critical) inputs to the buyer.
The buyer can use two contractual channels to mitigate moral hazard. First, she can ask for contractual rights to monitor the actions of the supplier (Holmstrom & Tirole, 1993; Aghion & Bolton, 1992; Dewatripont & Tirole, 1994) . This allows the buyer to intervene ex ante to reduce the risk that the supplier does not perform. Second, the buyer can provide monetary incentives that make the ex post compensation dependent on the outcome of a signal that is informative about supplier effort (Holmstrom, 1979) . Contingent compensation may be a fine (e.g., a penalty or warranty) in case of poor performance or a bonus in case of good performance. We expect these provisions to be more likely if a supplier is critical.
Note that supplier criticality does not necessarily imply relationship-specific investments (RSI) by either party. For example, a supplier of trucks is critical for a logistics firm in the sense that there is a negative performance impact if the trucks are delivered late. However, ordering trucks does not necessarily require large RSI. Hence, holdup problems are mostly about ex post renegotiation, while moral hazard is more about effort provision and can arise even if a supplier does not renegotiate. (Indeed, our proxies for RSI and criticality are far from perfectly correlated, with a correlation of only between 36% and 58%, depending on the RSI proxy.)
Empirical results. We test these predictions by relating the presence of monitoring and incentive clauses to supplier criticality, the product characteristic that reflects concerns over moral hazard. We assume that criticality is primarily determined by industry structure and that unobserved supplier characteristics are unlikely to be correlated with it. All regressions control for other drivers of contract design: information asymmetry (dummy that is 1 if a supplier is a private, nonpublicly listed firm), supplier location (dummy that is 1 if she originates from the buyer's country), the money spent on a supplier's products, and general contractibility (dummy that equals 1 if a product is a good). We assume that contractibility is higher for goods than for services, as services are more difficult to observe and verify (Hart, 1995) . As contract terms are chosen simultaneously, we allow error terms to be correlated across different regressions that explain individual contract terms.
The results in table 2 show that moral-hazard concerns are primarily addressed through monitoring: contracts with critical suppliers are more likely to contain audits and evaluation meetings, and they are more likely to exclude preferred supplier status. All three mechanisms allow the buyer to intervene ex ante to reduce the risk that the buyer does not perform. The possibility for intervention is achieved through a combination of information provision (evaluation meetings, exclusion of preferred supplier status) and the transfer of actual intervention rights (audits), as predicted by Holmstrom and Tirole (1993) , Aghion and Bolton (1992) , and Dewatripont and Tirole (1994) . Incentives are also important but to a lesser extent; contracts with critical suppliers are more likely to guarantee future availability of the products.
We find that contracts over goods tend to contain more incentive provisions (and, to a smaller degree, more monitoring clauses). This is surprising at first glance as one may argue that moral hazard is more of an issue for services, where concerns over effort provision may be larger. However, our finding may be explained by incomplete-contracting models. As Hart (1995) pointed out, contractibility is an important determinant of contract design. At the end, judges or arbitration courts will need to be able to verify product quality if conflicts arise. It is likely that contractibility is better for goods, which are generally easier to define and verify, and therefore also easier to contract on and enforce. This may explain why we find that clauses that rely on contractibility (e.g., penalties) are more prevalent in goods contracts. Table 3 reports regressions that explain aggregate contract design using different OLS specifications (results are also robust to using logit models, not reported). Across all specifications, we find that contracts with critical suppliers contain more clauses that address moral hazard. Consistent with table 2, this effect is driven by more monitoring clauses. While supplier criticality is also positively related to the number of incentive clauses, this relation is statistically insignificant in most specifications. In terms of economic significance, column 1 suggests that contracts with critical suppliers have 1.2 more clauses that can mitigate moral hazard, which equals about 30% of the variable's mean of 4.1. For monitoring clauses, the estimates in column 4 suggest that contracts with critical suppliers have one additional monitoring term, which is about 50% of the number of monitoring clauses in a typical contract.
A concern with our analysis is the potential endogeneity of contract design and prices. It could be the case that suppliers ask for higher prices for accepting more stringent contracts. Alternatively, contracts could be less strict if prices are higher, as suppliers then have intrinsic incentives to provide effort (or to not renegotiate) to extract future rents through repeated transactions. A challenge to controlling for prices is that it is difficult to assess whether observed prices are high or low. To circumvent this problem, we asked the purchase managers to judge the prices paid to suppliers.
8 Table 3 shows that our results are unaffected once we control for this price measure.
B. Holdup Problems: Property Rights Theory
Theoretical predictions. We next analyze how the buyer uses contracts to protect herself against the risk of holdups. We do not study implications of theories for the decision to vertically integrate but take the firm's boundaries as given. We study predictions derived from either PRT or TCE. A common theme underlying both theories is that of contractual incompleteness-the impossibility of writing a contract that covers all future contingencies that arise in a transaction and affect the sharing of the investments made by the two parties. We exploit that PRT and TCE make different predictions regarding contract design, though both share that contractual incompleteness may lead to ex-post renegotiation and holdups (Holmstrom & Roberts, 1998, compare PRT and TCE) .
PRT, introduced by Grossmann and Hart (1986) and Hart and Moore (1990) , focuses on ex ante incentives and ex ante investments in situations where parties make noncontractible RSI. PRT assumes that output is observable but not verifiable (i.e., not contractible), implying that not all contingencies can be specified ex ante. This implies imperfect contract enforcement, leading to ex post opportunistic behavior (holdup).
9 For example, a supplier may be tempted to hold up the buyer to obtain better terms if she knows that the buyer made RSI to cater to the ordered products. PRT shows that this ex post opportunism distorts incentives to invest initially, leading to underinvestment. Naturally, concerns about holdups are larger if RSI are bigger.
As parties are aware of this problem, contract design should anticipate opportunistic ex post behavior. PRT predicts that the allocation of control rights, determining who can choose which action during the contract phase, is an important contractual solution to holdup concerns. The reason is that the allocation of control rights allows the controlling party to decide on the use of the assets underlying a contract, which increases her investment incentives ex ante. We test the specific prediction that the allocation of control rights to the buyer is more likely if her RSI (relative to the supplier) are larger. Measuring the extent to which the buyer makes RSI is difficult, but we assume that if these noncontractible investments are larger, it takes more time and is more costly to switch suppliers (Monteverde & Teece, 1982) . This table provides regressions at the supplier-contract level to explain aggregate measures of contract design. The table looks at the total number of clauses that address moral-hazard problems, the number of monitoring clauses, and the number of incentive clauses. t-statistics in parentheses (based on robust standard errors, unless indicated differently). Significant at *10%, **5%, and ***1%. 8 We asked the managers whether prices are above the market. This measure is created at the supplier level, as pricing is homogeneous across products of a supplier. It is unlikely that the managers reported this untruthfully, as we did not share their responses with the management.
9 PRT predicts that renegotiations over surplus distributions are ex post efficient.
Empirical results. The regressions in table 4 report in columns 1 to 4 the relation between the buyer's switching time (costs) and whether intellectual property rights are allocated to the buyer. Getting IP rights allocated can be crucial as it allows the controlling party, if necessary, to continue production herself or reallocate it to a third party, without interference by the other party. We first test whether a control rights allocation to the buyer is more likely if her absolute RSI is higher, and then the effect of relative RSI by conditioning on the number of alternative buyers. If a supplier has more alternatives, her RSI are likely to be less important.
Consistent with PRT, we find in columns 1 and 2 that holdup concerns by the buyer are addressed in contracts, as suppliers are more likely to transfer IP rights if supplier switching takes longer or is more costly. Columns 3 and 4 show that this effect holds after controlling for a supplier's RSI. In fact, we even see an increase in the magnitude of the effect when controlling for supplier RSI. Additionally, we find that the buyer is more likely to obtain IP rights if the supplier has many alternative buyers, indicating a situation where supplier vulnerability is probably low. However, this effect is significant only in one of the two regressions. Taken together, our results are consistent with PRT as they show that the buyer asks for more ex ante protection if her (relative) holdup concerns are larger.
C. Holdup Problems: Transaction Cost Economics
Theoretical predictions. Holdup concerns are an important element also in TCE, pioneered by Williamson (1975 Williamson ( , 1979 Williamson ( , 1985 and Klein et al. (1978) . TCE has important predictions on the integration decision, but it can also be used to test predictions on contract design. Similar to PRT, TCE analyzes contractual incompleteness, but there is less focus on how control rights are allocated through contracts. A key difference to PRT is that ex post opportunism (holdup) is inefficient due to transaction costs and costly renegotiations about surplus distribution, and investments are contractible. An implication following from TCE is to focus on longterm contracting as a solution to protect parties against holdups. TCE predicts that if RSI are more important, contracts should be more long term, implying less repeated bargaining (Joskow, 1987) . RSI are important as they generate switching costs, a form of a transaction cost, in case of renegotiation.
10 This implies that contracts should be longer if switching costs and time are larger.
Empirical results. The regressions in table 4, columns 5 to 8, link the two measures of contract duration to switching costs and time. As explained above, we measure both the length of a contract (in years) and whether it has an unspecified open duration. While we find that both switching time and costs are, as predicted, positively related to both measures of duration, we cannot detect statistically significant effects. This indicates that parties may use other contractual mechanisms or that concerns about transaction costs are less important in our setup.
IV. Dynamic Contracting
A. Theoretical Predictions
Contracts often result from repeated interaction, and our data allow us to investigate how contracts evolve over time. As in most of the literature, we start by looking at dynamic agency problems and contract terms that relate to moral hazard (Sannikov, 2012) . Theory predicts two opposing effects once we allow for dynamics.
On the one hand, incomplete-contracting models predict that contracts with the same supplier become stricter over time, containing more clauses that address moral hazard. The reason is that contracting parties trade off ex ante costs of drafting a complex but complete contract against ex post inefficiencies associated with unspecified contract conditions (Dye, 1985; Posner, 1986; Tirole, 1999) . If contracting costs become smaller as time passes, the buyer may be able to write at lower cost a more complete contract that addresses more contingencies (Battigalli & Maggi, 2002; Bolton & Faure-Grimaud, 2010) . Contracting costs may go down over time because the buyer learns from prior transactions how to best design a contract that describes contingent actions. This should enable the buyer to specify monitor rights more easily and provide incentives more effectively. For example, the buyer may learn how to best monitor as she learns about the supplier, the production process, the supplied products, and potential problems. If changes in contract design are due to lower contracting costs and learning about the supplier, we expect that these changes are stronger for services than for goods, as contracting costs for services are probably larger initially (services are initially more difficult to observe and verify; see Hart, 1995) . Contracts may also get stricter as shirking by the supplier is observed.
On the other hand, relational-contracting models predict that contract terms may become fewer over time and contracts more relaxed. The reason is that trust and reputational capital may accumulate so that relational contracts may partially substitute formal contracts (Baker et al., 2002) . This effect should be independent of the type of product that is provided.
We also study contract dynamics with respect to PRT and TCE.
11 Both theories imply that if a supplier does not behave opportunistically, protection against holdups should decrease over time, as Holmstrom and Roberts (1998) pointed out. This would imply fewer transfers of property rights to the buyer in subsequent contracts from a PRT perspective and shorter-term contracts according to TCE.
B. Empirical Results
We exploit that we observe for 39 suppliers more than one contract during the sample period. We use information on the signing dates to create for each supplier a time line of contracts to identify the first, second, third, and so on contract. Using the first contract in our database as the benchmark, we then test how the second contract (and third or later ones) differs from the first one.
12 When studying dynamics, we exclude 28 open-ended contracts as dynamics are less relevant for infinite contracts. We further exclude five contracts for which we miss signing dates. This leaves us with 77 first, 42 second, and 33 third or later contracts. Table 5 reports results on the evolution of contracts, both with and without supplier-fixed effects. We control for the same determinants of contract design as in table 2 and, in addition, for general time trends by including a variable that measures the year in which a contract was signed (as in Lerner & Malmendier, 2010) . The regressions show strong evidence for dynamic adjustment in contract design. In particular, columns 1 and 2 show that second contracts with a supplier are generally stricter relative to the first ones. Column 1 indicates that a second contract contains 1.16 extra clauses that address moral hazard, which compares to 4.1 clauses in the average contract. Results are even stronger once we account for supplier-fixed effects. The regressions suggest that the increase in contract strictness is driven by a rise in the number of both monitoring and incentive clauses. For example, the estimates in column 3 and 5 suggest that a second contract contains about 0.6 extra monitoring and incentive clauses, which is large relative to the respective average numbers (two in both cases).
Incomplete-contracting models predict that the documented change in contract design is due to lower contracting costs in subsequent transactions. Therefore, table 6 looks more directly into the drivers of dynamic contract adjustment. We first separate the sample based on whether contracts are over goods or services. We use this separation to test whether the change in contract design is related to contractibility. We assume that contractibility problems, especially contracting costs, are larger for services than for goods, as services are initially more difficult to observe and verify (Hart, 1995) . If the changes in contract design over time are indeed due to lower contracting costs (e.g., learning about how to best address monitoring needs), we expect that the previously documented changes are stronger for services.
Indeed, we find in table 6, panel A much stronger effects for services. Columns 3 and 4 show that especially the increase in monitoring clauses is driven by service contracts-transactions where output observability and verifiability are initially low. Our finding suggests that repeated contracting over the same services may help to write contracts that allow the specification of monitoring terms at lower cost. We cannot detect any differences between goods and services for the additional of new incentive provisions. Table 6 , panel B suggests that contracts also change in response to information about supplier problems. Based on our survey, we know whether quality problems with the products of a supplier occurred. We use this information to test whether and how contract design reacts as a result. A caveat to this analysis is that we lack information on when exactly the problems did arise. With this in mind, we separate the sample between suppliers with and without quality problems. We find in columns 1 and 2 that the increase in contract strictness is also concentrated among suppliers where information about quality problems did become available. Contracts do not seem to respond with more monitoring clauses, but we find that the buyer adds more incentives clauses to new contracts with problematic suppliers. This table provides OLS regressions at the supplier-contract level to study changes in contract design over time. Panel A separates the sample based on whether a contract is over goods or services, and panel B is based on whether there were problems with the quality of the products of a supplier. The regressions control for (not reported) Critical product supplier, Goods (not in panel A), Domestic firm, Privately held firm, Log(Spending volume), Date, and a constant. t-statistic in parentheses (based on robust standard errors). Significant at *10%, **5%, and ***1%.
Online appendix table A4 illustrates the changes in contract design separately by clause. It shows that the initial increase in monitoring terms is driven by a higher incidence of terms related to supplier audits (57% versus 34%) and KPI systems (57% versus 35%). Financial disclosure requirements also increase relative to the first contract. The addition of clauses on supplier audits and KPI monitoring systems is plausible, as both are probably specifiable at cheaper cost once the buyer has learned from a prior transaction how to monitor most effectively. Subsequent contracts also contain more liability terms, but this increase is reversed in the third contract (this is the only clause that shows a statistically significant decrease in the third contract). The number of penalty clauses rise from the first to the second contract, though the increase is only marginally significant. Overall, our results on dynamic contracting support incomplete-contracting models that argue that contracts become more complete over time as contracting costs go down.
Next, we study the prediction that buyer protection against holdups decreases if a supplier does not misbehave. In particular, we use information from the buyer on whether a supplier has renegotiated, which was the case in 30% of the cases. As with our proxy for supplier problems, a caveat is that we do not know when exactly these renegotiations took place. Nevertheless, we can make the interesting observation in table 7, panel A that the allocation of property rights to the buyer is less likely in a second contract if the supplier did not renegotiate, consistent with PRT. We find no such effect among contracts with suppliers that renegotiated. Here, however, we find a positive coefficient for the second and third (or later) contract, indicating an increase in the probability of an IP rights transfer. This effect seems particularly strong for the third contract, where the coefficient is also significant in one of the two regressions. An interpretation of this finding is that good behavior is immediately reflected in the terms of a new contract, while bad behavior manifests itself only after it has occurred twice. With regard to TCE, we do not find in table 7, panel B that later contracts are shorter, though coefficients for the second contracts are generally negative.
V. Substitutability and Complementarity of Contract Clauses
We have so far studied contracts by testing specific predictions derived from contracting theories. Our findings indicate support for several theories, but also that contracts are multidimensional and cover different types of clauses addressing both moral hazard and holdups. Thus, contracts contain a complex set of clauses that interact and work This table provides OLS regressions at the supplier-contract level to study changes in contract design over time. The regressions control for (not reported): Goods, Domestic firm, Privately held firm, Log(Spending volume), Date, and a constant. t-statistic in parentheses (based on robust standard errors). Significant at *10%, **5%, and ***1%.
together as a group. This raises the question of whether these clauses are generally understood to be substitutes or complements, but also how different clauses within a broader set of terms interact. While we have treated individual contract terms in isolation in previous tests, we now study their interactions. Table 8 , panel A provides regressions to explain substitutability and complementarity across different contract groups that address moral-hazard and holdup problems. The first interesting observation that emerges from columns 1 and 2 is that monitoring and incentives clauses generally coincide-that is, act as complements. In other words, incentive clauses tend to be more frequent if a contract also contains more monitoring clauses. One interpretation of this positive relation is that the buyer may be better able to incentivize a supplier if she has more information due to her monitoring activities. Thus, we have no evidence that monitoring and incentives are used as separate ways to address moral hazard (this could be the case if some suppliers are very risk averse, strongly preferring monitoring over incentives). This indicates that it may be interesting for future theoretical work to This table provides OLS regressions at the supplier-contract level. We estimate seemingly unrelated regression models. The regressions control for (not reported) Critical product supplier, Goods, Domestic firm, Privately held firm, Log(Spending volume), Switching time (only in panel A, columns 3 and 4) and a constant. t-statistics in parentheses. Significant at *10%, **5%, and ***1%.
integrate both mechanisms by modeling them as complementary devices (as in Allgulin & Ellingson, 2002 , for labor markets).
We also find that moral-hazard and holdup clauses are used as substitutes, as column 1 suggests that transfers of control rights and long-term contracts are less likely if many monitoring clauses are present. One interpretation of this finding is that monitoring may serve as an alternative way to mitigate opportunistic holdup behavior, though we note that we cannot find such substitutability for incentive clauses. Additionally, columns 3 and 4 show that mechanisms that address holdup concerns from a PRT or TCE perspective are positively related, implying that control right allocations and long-term contracts tend to be used simultaneously.
Next, we study how contract clauses within a given group of clauses interact. While table 8, panel B focuses on interactions within the set of monitoring clauses, table 8, panel C looks at the set of incentive clauses. We now use regressions that regress each individual contract term within a group on the remaining ones, plus a set of control variables. The general pattern that emerges from panel B is that most monitoring clauses, with two exceptions, are used as complements. A group of three clauses in particular tends to coincide-namely, audits, financial reporting, and KPI monitoring systems. This is plausible, as a monitoring system requires availability of information, obtained from financial documents. Moreover, for audits to be feasible and on time, the buyer needs to have financial documentation and be able to track buyer performance through a KPI system. One clause that tends to work as a substitute is the exclusion of preferred supplier status, which is negatively related to supplier audits and KPI systems. One possible explanation is that suppliers that are not granted preferred status are already subject to further monitoring, making it less necessary to include other monitoring terms in a contract.
Finally, in panel C for incentive clauses, we find a slightly more mixed picture. One pattern that emerges is that penalty and bonus payments seem to work as complements, leading to symmetric incentive schedules for suppliers. Product warranties and availability guarantees also tend to coincide, possibly reflecting that a certain product is important to the buyer; if problems arise and a warranty requires replacement, the warranty is of value only if the supplier still has replacements on hand. Finally, bonuses and product liabilities tend to be substitutes, possibly to avoid excessive risk taking in case of safety relevant products (such products likely come with large liability obligations in case of injury or loss of life).
VI. Conclusion
We study how the possibility of opportunistic behavior between suppliers and buyers affects contracting. We find that contract clauses that address moral hazard are more likely if a supplier's products are critical to the buyer. Moral-hazard concerns are addressed primarily through clauses that allow the monitoring of sellers and, to a lesser degree, also through incentives. We then analyze holdup problems and test specific predictions derived from property rights theory (PRT) and transaction cost economics (TCE). Consistent with PRT we find that buyers ask for more ex ante contractual protection through the allocation of control rights if their holdup concerns are larger. We also test the TCE prediction that contracts should be more long term if holdup concerns are larger, but find only weak evidence for this in our data.
Contracts with the same supplier become stricter over time. The increase in contract strictness is driven by additions of monitoring clauses in service contracts. As services are initially more difficult to observe and verify than goods (Hart, 1995) , repeated contracting helps to specify better monitoring technologies and reduce contractual incompleteness. Our evidence on dynamic contracting is consistent with incomplete-contracting models that predict that contracting costs go down over time as the buyer learns where and how to best address monitoring needs. We further find that the allocation of control rights to the buyer is less likely in a second contract if the supplier did not renegotiate, consistent with PRT.
We then study substitutability and complementarity across and within different contract groups. Monitoring and incentive clauses generally coincide, acting as complements. Moral-hazard and holdup clauses are used as substitutes, as transfers of control rights and long contracts are less likely if a contract contains many monitoring clauses. When studying contract terms within groups, we find that most monitoring clauses are used as complements.
Our results point to interesting dynamics in the evolution of contracts. The results suggest that contracts become more complete over time as contracting costs come down. The results also point to the importance of studying the use of different contractual clauses together to understand their role in overcoming contracting frictions. Understanding the dynamics of contracting using a larger set of contracts across different settings is an important avenue for future work.
